® testing (Hologic Corp., Bedford, Massachusetts, USA). All samples were initially screened by cytoscreeners before being analysed by cytopathologists to determine the presence of specific infectious agents. Results: Overall, 8,836 (7.28%) of the cervical samples had infectious agents; of these, 62.48% were conventional and 37.52% were modified CS samples. The most frequently observed infectious agents were Candida species (76.05%), Trichomonas vaginalis (9.72%), human papillomavirus (HPV; 9.3%), Actinomyces-like organisms (3.23%), Chlamydia trachomatis (1.27%) and the herpes simplex virus (HSV; 0.43%). There were significantly more cases of Candida species, HPV-associated changes, C. trachomatis, T. vaginalis and Actinomyces-like organisms detected in conventional compared to modified CS samples (P <0.050 each). However, there was no statistically significant difference in the frequency of HSV-associated changes (P = 0.938). The presence of two infectious agents in the same sample was identified in 0.87% of samples. Conclusion: Among CS samples collected during an 18-year period, Candida species were most frequently detected, followed by T. vaginalis and HPV. The identification of potential infectious agents is a valuable additional benefit of Papanicolaou smear testing.
W orldwide, most cervical screening programmes aim to detect cervical cancer at a pre-invasive stage. However, the Bethesda System used to report gynaecological abnormalities also discloses other microscopic changes in cervical smears (CS), including inflammatory changes in epithelial cells caused by specific infectious agents. 1 As such, the documentation of cervical organisms represents a valuable additional benefit of cervical cancer screening using Papanicolaou (Pap) smear tests.
In Kuwait, there is unfortunately no formal cervical cancer screening programme. In addition, the results of Pap smears are not well studied, with most previous research originating from one centre, the Mubarak AlKabeer Hospital, a tertiary care hospital which provides cytological diagnostic services to 15 hospitals, 27 clinics and multiple practitioners in Kuwait. [2] [3] [4] [5] The purpose of this study was to determine and compare the prevalence of specific infectious agents in conventional and modified CS samples received over an 18-year period at the cytology laboratory of the Mubarak Al-Kabeer Hospital. All CS samples were screened and assessed for abnormalities according to the 2001 Bethesda System guidelines. 1 The CS slides were initially screened by cytoscreeners before being analysed for specific infectious agents or benign or reactive cellular changes associated with inflammation by cytopathologists. Specific infectious agents included the Candida species, Trichomonas vaginalis, Actinomyces-like organisms, Chlamydia trachomatis and changes associated with herpes simplex virus (HSV) and human papilloma-virus (HPV) infections. In addition, the CS samples were reported as either negative for intraepithelial lesions or malignancy (NILM) or positive for atypical squamous cells, atypical glandular cells, low-grade squamous intra-epithelial lesions (LSILs) or high-grade squamous intra-epithelial lesions (HSILs). 1 The presence of normal vaginal flora (long rods or Lactobacilli) or shifts in the overgrowth of mixed flora (i.e. bacterial vaginosis) were not evaluated.
Methods
Data were analysed using the Statistical Package for the Social Sciences (SPSS), Version 16.0 (IBM Corp., Armonk, New York, USA). Chi-squared or Fisher's exact tests were used to compare the proportions of infectious agents observed in the CS samples. A P value of <0.050 was considered statistically significant.
Ethical approval for this study was provided by the Health Science Center of Mubarak Al-Kabeer Hospital (#VDR/EC/2310). All study procedures were performed in compliance with the ethical standards of the revised Declaration of Helsinki of 2008. Overall, fewer infectious agents were detected in modified CS samples compared to conventional CS samples [ Figure 1 ]. The most frequently identified infectious organisms were Candida species (76.05%), T. vaginalis (9.72%), HPV (9.3%), Actinomyces-like organisms (3.23%), C. trachomatis (1.27%) and HSV (0.43%). In addition, 88.16% of CS samples with infectious agents were reported to be NILM. Significantly more Candida species, HPV-associated morphological changes, C. were detected in conventional compared to modified CS samples (P <0.050). No statistically significant difference was found between the two types of CS samples in relation to HSV (P = 0.938). A greater number of cases with HPV-associated morphological changes were detected in LSIL samples than HSIL samples (94.04% versus 5.96%); however, this difference was not significant (P = 0.196 and 0.669, respectively). Nevertheless, when the number of cases with HPV-associated morphological changes in the LSIL and HSIL categories were combined, there was a significant difference between modified and conventional CS samples (P <0.001) [ Table 1 ]. A combination of two infectious agents was observed in 77 cases (0.87%), of which 67.53% were conventional and 32.47% were modified CS samples. Among the conventional CS samples, 84.62% involved a combination of Candida species and another organism. Overall, two infectious agents were most frequently detected in either NILM (49.35%) or LSIL (48.05%) samples [ Table 2 ].
Results

Discussion
In this study, common gynaecological infectious agents were encountered in 7.28% of CS samples collected between 1997-2014 at the Mubarak Al-Kabeer Hospital. In comparison, a previous study at the same hospital identified specific infectious agents in 15.2% of satisfactory CS samples collected between 2002-2007. 4 These findings therefore indicate a 52.11% decrease in the number of specific organisms detected. This may be due to the implementation of the ThinPrep ® technique (Hologic Corp.), which was only fully achieved in the last nine years of the study period. This assumption is supported by the results of the current study which indicated a drop in the number of specific infectious agents detected in modified compared to conventional CS samples (37.52% versus 62.48%).
Previous research has indicated that the incidence of infectious organisms in Kuwait is 4.4% for samples that show cervical cancer or precancerous changes. 5 This rate is similar to that of the low invasive cervical carcinoma risk estimate (4/100,000 cases annually) for Kuwait and elsewhere in Asia. 6 Additionally, Malkawi et al. reported specific inflammation in only 4.8% of CS samples in Jordan. 7 In the current study, the most commonly identified infectious agents were Candida species, followed by T. vaginalis, HPV, Actinomyces-like organisms, C. trachomatis and HSV. A similar pattern was noted in other studies, wherein fungal agents were most prevalent, followed by Trichomonas species. [8] [9] [10] [11] [12] As mentioned earlier, the number of specific infectious agents detected was lower in modified compared to conventional CS samples; this reduction was noted in almost all infectious agents, except HSV. This finding has been supported by other researchers. 8, 13 At the Mubarak Al-Kabeer Hospital, the cytology laboratory employs in-house trained primary screeners whose work is monitored by senior checkers and a chief technician and all slides are signed off by medical practitioners, regardless of abnormalities. As such, differences in the detection rate of infectious agents in the present study were probably not due to the experience of the screeners. In addition, the cost of preparation was unlikely to have influenced the results as both conventional and modified samples were collected and examined free of charge. Furthermore, the number of hospitals and clinics providing conventional or modified CS services has remained the same for over 20 years, with all centres utilising both techniques. Nevertheless, the difference in the number of infectious agents detected in conventional and modified CS samples could be due to technical aspects related to the fixative used or the preparation of the modified samples, which may have caused the screener to overlook infectious agents. The fixative could cause shrinkage and therefore the inaccurate identification of organisms in the sample. In addition, filtration could result in a cleaner background and a reduction in inflammatory cell features. 13 Few studies have focused on HPV distribution in Middle Eastern countries. In the current study, most HPV infections were detected in LSIL samples. In a previous study of modified CS samples collected from women with abnormal cervical cytology in Kuwait, 89% and 67% of samples diagnosed as LSIL and HSIL, respectively, were infected with HPV type 16, the most common highrisk genotype.
14 Another study in Kuwait also showed high-risk HPV DNA in women with squamous intraepithelial lesions, indicating that the viral load was directly related to the severity of the cervical lesions. 15 
Conclusion
This study described the prevalence of specific infectious agents identified in conventional and modified CS samples collected over an 18-year period at the Mubarak Al-Kabeer Hospital. The identification of potential infectious agents represents a valuable additional benefit of cervical sampling using Pap smear tests; however, it cannot substitute other definitive diagnostic methods. c o n f l i c t o f i n t e r e s t
